(19) 




(12) 



(43) Date of publication: 

30.08.2000 Bulletin 2000/35 

(21) Application number: 00103918.9 

(22) Date of filing: 24.02.2000 



EuropSisches Patentamt 
European Patent Office 
Office europeeo des brevets (11) EP 1 031 976 A2 

EUROPEAN PATENT APPLICATION 

(51) IntCl 7 : G11B 11/105 



(84) Designated Contracting States: 


(72) Inventor: Nakajima, Junsako 


AT BE CH CY DE DK ES Fl FR GB GR SE ST LI LU 


Kashihara-shi, Nara 634-0071 (JP) 


MC NL PT SE 




Designated Extension States: 


(74) Representative: 


AL LT LV MK RO SI 


MULLER & HOFFMANN PatentanwSlte 




Innere Wiener Strasse 17 


(30) Priority: 25.02.1999 JP 4895699 


81667 Munchen (DE) 


(71) Applicant: 




SHARP KABUSHIKI KAISHA 




Osaka 545-8522 (JP) 





CM 
< 
CD 

o> 

O 



(54) Magneto-optical head and magneto-optical device and magneto-optical 
recording/reproducing method 



(57) The light emitted from a light source (1) is con- 
verged by an objective Sens (5), and an auxiliary lens 
(SIL6) increases an effective numerical aperture to 
project the light on a recording medium (9). The temper- 
ature of a recording mark recording information on the 
recording medium is increased by the projection of the 
light, and saturation magnetization which is in accord- 
ance with the information is generated, thus generating 
magnetic flux. A reproducing magnetic layer (7), which 
is provided on the auxiliary lens (SIL6) and which is 
larger than the recording mark has magnetization which 
is aligned in direction over the entire domain of the 
reproducing magnetic layer in accordance with the mag- 
netic flux generated from the recording mark, and trans- 
fers the information by temporarily enhancing it. The 
magnetization generated on the reproducing magnetic 
layer (7) has an effect on the polarization direction of the 
reflected light at the reproducing magnetic layer. The 
reflected light from the reproducing magnetic layer 
reaches a photodetector (12) through an analyzer (Wol- 
laston prism 4) to generate a reproduced signal, thereby 
increasing recording density by means of preventing a 
reproduced signal amplitude from being reduced when 
the recording mark of the magneto-optical recording 
medium is reduced. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a magneto- 
optical head, magneto-optical device, and magneto- 
optical recording/reproducing method for use in an 
external memory device of a computer, etc., and for 
recording and reproducing of audio and video signals. 

BACKGROUND OF THE INVENTION 

[0002] Actual application of magneto-optical disks, 
which are one type of magneto-optical recording 
medium, has been realized as an external memory 
device of a computer. 

[0003] The recording density of the magneto-optical 
disk is limited by the size of a light beam spot on the 
magneto-optical disk. That is, as the diameter and inter- 
val of recording marks become smaller than the size of 
the light beam spot, the light beam spot would contain 
plural bits, making it impossible to separately reproduce 
each recording bit. 

[0004] The reproducing resolution of a signal is 
essentially determined by the wavelength X of a light 
source of a reproducing optical system and by the 
numerical aperture NA of an objective lens, and the 
spatial frequency 2NA/X, sets a limit of reproduction. 
Thus, to increase recording density, one can take a 
measure of reducing the light spot diameter of the 
reproducing device by making the wavelength X of the 
light source shorter and/or by using a high NA lens. 
[0005] As such, in recent years, to increase record- 
ing density of the magneto-optical disk, research has 
been made to actually reduce the spot diameter of the 
reproducing device by reducing the wavelength of the 
laser light used for recording and reproducing, and/or by 
using a high NA lens. For example, to reduce the wave- 
length of a laser light, there is research on a semicon- 
ductor blue laser, or research in which the wavelength of 
a laser light is reduced from around 800 nm to 400 nm 
with the use of a second harmonic wave generating ele- 
ment (SHG). These research has not reached the stage 
which can be brought into actual application due to their 
stability, performance, and cost. However, once real- 
ized, it is certain that they will bring higher density 
recording of information than that offered by the current 
optical disk systems. 

[0006] However, the wavelength of a semiconductor 
laser as currently available in actual application is only 
around 650 nm. 

[0007] Further, when a high NA lens is used, the 
depth of focus is reduced, and high precision is required 
in the distance between the lens and disk, and it 
becomes difficult to manufacture the optical disk with 
precision. For this reason, the NA of the lens cannot be 
increased substantially; and the lens NA which can be 
brought into actual application is only around 0.6. Thus, 



there is a limit in reducing the wavelength of the light 
source or increasing the NA of the lens, and as it cur- 
rently stands, it is difficult to effectively increase record- 
ing density by these measures. 
5 [0008] In view of these drawbacks, for example, 
Journal of The Magnetics Society of Japan, Vol. 19, 
Supplement, No. S1 (1995), pp. 421-424 (Document 1) 
recites a magnetically induced super resolution ("MSR" 
hereinafter) technique, which is the method for increas- 
10 ing recording density by improving the reproducing res- 
olution with the use of a magneto-optical recording 
medium which is composed of magnetostatically cou- 
pled two magnetic layers and by utilizing a temperature 
distribution of the light beam spot. 
is [0009] Also, for example, Applied Physics Letter No. 
69 (27), 30 December 1996, pp. 4257-4259 (Document 
2) recites that information is reproduced while applying 
an alternating magnetic field to an MSR medium 
employing magneto-static coupling so that a recording 
20 mark is enhanced when transferring the recording mark 
of the recording layer to the reproducing layer, thus 
increasing the amplitude of the reproduced signal. 
[0010] As another method of increasing recording 
density without reducing the laser wavelength, the 
25 numerical aperture (NA) of the optical system is 
increased. For example, Applied Physics Letter, No. 
68(2), 8 January 1996, pp. 141-143 (Document 3) dis- 
closes a technique in which an effective NA is increased 
with the use of a solid immersion lens (SIL) so as to 
30 reduce the beam spot. 

[0011] The following will describe Document 1 in 
more detail referring to Fig. 13 and Fig. 14. 
[001 2] Fig. 13 shows a representative arrangement 
of a conventional MSR magneto-optical recording 
35 medium. On a transparent substrate 61, there are 
deposited a transparent dielectric layer 62, reproducing 
layer 63, transparent dielectric layer 64, recording layer 
65, and transparent dielectric layer 66. 
[001 3] The recording layer 65 records magneto- 
40 optical information in the form of a change in length of 
recording marks. However, Fig. 13 and Fig. 14 illustrate 
an example of only the shortest recording mark. This is 
because reproduction of the shortest recording mark 
would automatically allow reproduction of signals of 
45 longer recording marks. Thus, it is assumed that the 
lengths of recording marks are the same, and a region 
in which the shortest recording mark is to be formed is 
schematically divided into domains. In the following, 
each domain will be referred to as a magnetic domain. 
so [0014] Each of magnetic domains A through I 
records a signal as shown in Fig. 13 and Fig. 14. Even 
though the reproducing layer 63 is not divided into a plu- 
rality of magnetic domains unlike the recording layer 65, 
for convenience of explanation, (refer to Figs. 4(a) and 
55 4(b) and Fig. 14), domains of reproducing layer 63 cor- 
responding in position to the magnetic domains A 
through I of the recording layer 65 are indicated by 
domains A' through f\ 
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[0015] The following considers the case where 
laser light is projected on the center of magnetic domain 
E of the recording layer 65, spreading over the region 
larger than the magnetic domain E. The temperature 
distribution of the recording layer 65 would then take the 5 
shape in which a high temperature portion (e.g., 150°C) 
is found at the site of the recording mark E and the tem- 
perature decreases as it moves further from the mag- 
netic domain E. Further, the size of saturation 
magnetization also takes the distribution which reflects w 
the temperature distribution of the recording layer 65 
and it becomes maximum in the magnetic domain E. 
[0016] Meanwhile, the reproducing layer 63 has in- 
plane magnetization parallel to the plane of the film 
(perpendicular to the plane of the paper) at room tern- 15 
perature, and it has a "mask region" from which no sig- 
nal is reproduced. 

[0017] By being heated to a high temperature by 
projection of a laser beam, the magnetization of the 
reproducing layer 63 becomes smaller and the repro- 20 
ducing layer 63 comes to have perpendicular magneti- 
zation, forming an "aperture region" to which the 
magnetization of the recording layer 65 is transferred by 
a magneto-static force. 

[0018] In reproduction, a temperature distribution is 25 
generated in the laser spot, and a signal is reproduced 
only from the aperture region formed at the high tem- 
perature portion of the temperature distribution. 
Namely, by the magnetic flux generated from the mag- 
netic domain E, adjoining portion E' of the reproducing 30 
layer 63 is subjected to a force (magneto-static force) 
which is in accordance with the saturation magnetiza- 
tion of the magnetic domain E, making saturation mag- 
netization of magnetic domains E and E' in line. In this 
manner, in the transfer of a recording mark of the 35 
recording layer 65 to the reproducing layer 63, transfer 
of a signal to the reproducing layer 63 occurs only at the 
magnetic domain E, and the recording marks of the 
other magnetic domains (A through D and F through 1) 
are not transferred and remain as a mask region, thus 40 
limiting the signal reproducing region and effectively 
reducing the reproduced spot. 

[001 9] Thus, even when the recording mark is 
smaller than the beam spot diameter, information can 
be read out without interfering with recording marks of 45 
adjacent magnetic domains, thus increasing the repro- 
ducing resolution of signals and realizing high density 
recording. Further, because the adjacent tracks at room 
temperature make up a mask region, a signal leak 
(cross talk) from adjacent tracks hardly occurs. As a so 
result, the intervals between recording tracks can be 
reduced. 

[0020] Fig. 14 describes how this is done in more 
detail. As the material of the reproducing layer 63 and 
recording layer 65, an alloy of rare earth metal and tran- 55 
sition metal (RE-TM) is used. It is assumed here that an 
x-y coordinate system is found within a plane parallel to 
the recording layer 63 and reproducing layer 65, in 



which the direction of TM magnetization in the plane of 
the reproducing layer 63 represents y axis, and the 
direction orthogonal to y axis represents x axis, and the 
direction which is orthogonal to the both axes x and y 
and which is in the direction of layer deposition repre- 
sents z axis. In the recording layer 65, the directions of 
TM magnetization and saturation magnetization are 
parallel to z axis, and due to the fact that the composi- 
tion of the recording layer 65 is TM rich (sub-lattice 
magnetic moment of the transition metal at room tem- 
perature exceeds sub-lattice moment of the rare earth 
metal), TM magnetization and saturation magnetization 
direct in the same direction. On the other hand, at a low 
temperature portion of the reproducing layer 63, the 
directions of TM magnetization and saturation magneti- 
zation are found within the x-y plane, and by the fact that 
the composition of the reproducing layer 63 is RE rich 
(sub-lattice magnetic moment of the rare earth metal at 
room temperature exceeds sub-lattice moment of the 
transition metal), the saturation magnetization and TM 
magnetization direct in the opposite directions. 
[0021] When a laser spot is projected on magnetic 
domain E in reproduction, by the magnetic flux gener- 
ated from the magnetic domain E, the saturation mag- 
netization of E' of the reproducing layer 63, which has 
risen to a high temperature becomes in accordance with 
the saturation magnetization of magnetic domain E. The 
site of the reproducing layer 63 other than E' is at a low 
temperature and the magnetization therein remains in 
in-plane direction (x-y plane). 

[0022] Incidentally, in magnetic substances, when 
magnetization is in close proximity, by the exchange 

interaction, there arises a force (exchange force) which 
acts to align the TM magnetization in the same direc- 
tion. In the reproducing layer 63, each TM magnetiza- 
tion of A' to I' is exchange-coupled with adjacent TM 
magnetization, and the TM magnetization of E' is 
exchange-coupled with the TM magnetization of adja- 
cent D' and F\ Namely, the TM magnetization of E' is 
subject to a force of TM magnetization of D' and F, 
which force acts to direct the direction of TM magnetiza- 
tion of E' in an in-plane direction. Inversely, the TM mag- 
netization of D' and F are subject to a force of the TM 
magnetization of E\ which force acts to direct the direc- 
tion of the TM magnetization of D' and F' in a perpendic- 
ular direction. However, the TM magnetization of D' and 
F are subject to a force respectively from C* and G\ 
which are adjacent to D' and F' respectively on the other 
sides of E', which force acts to direct the TM magnetiza- 
tion of D' and P in an in-plane direction, and because 
the force is large, the TM magnetization of D' and F are 
stably directed in an in-plane direction. 
[0023] Thus, transfer of a recording mark from the 
recording layer 65 to reproducing layer 63 occurs at a 
site where the magneto-static force between the record- 
ing layer 65 and reproducing layer 63 exceeds the 
exchange force within the reproducing layer 63. That is, 
in this case, the exchange force existing within the 
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reproducing layer 63 acts to reduce the transferred 
recording mark. 

[0024] Fig. 15 shows recording mark length 
dependency of a reproduced signal amplitude when the 
conventional MSR magneto-optical disk as described 
above is reproduced by an optical system having a light 
spot diameter of 0.9 jum. For comparison, Fig. 15 also 
shows the result of reproduction with the use of a non- 
MSR conventional magneto-optical disk. Since repro- 
ducing resolution is improved in the MSR magneto-opti- 
cal disk, a larger reproduced signal amplitude is found 
with a smaller recording mark as compared with the 
conventional magneto-optical disk. 
[0025] However, the prior arts have the following 
problems. 

[0026] In the MSR technique as recited in Docu- 
ment 1, to improve reproducing resolution, a mask 
region is provided over the reproducing layer, and the 
transferred recording mark is reduced as it is subjected 
to a force of the mask region which acts to reduce the 
recording mark. When a small recording mark is repro- 
duced, a reproduced signal amplitude is also reduced, 
and a sufficient signal amplitude cannot be obtained. 
This essentially limited the smallest recording mark 
which could be read out when reproducing the conven- 
tional MSR magneto-optical disk, and this limitation pre- 
vented improvement of recording density. 
[0027] Further, when the reproduced signal ampli- 
tude is to be made larger, an additional energy, etc., 
such as application of an alternating magnetic field is 
required in a reproducing operation as in Document 2, 
which resulted in increased power consumption. 
[0028] Further, in the method using SIL as in Docu- 
ment 3, while it is possible to reduce the beam sot diam- 
eter, reproducing resolution which exceeds the "beam 
spot diameter cannot be obtained, and even when SIL 
and MSR technique was combined, the problems still 
remain that the reproduced signal amplitude is reduced 
when recording mark is reduced, and that it requires an 
additional energy to increase the reproduced signal 
amplitude. 

SUMMARY OF THE INVENTION 

[0029] It is an object of the present invention to pro- 
vide a magneto-optical head which is capable of 
increasing recording density by means of preventing a 
reproduced signal amplitude from being reduced when 
a recording mark of a magneto-optical recording 
medium is reduced. 

10030] The present invention was accomplished 
after extensive research by finding that with the use of 
an SIL which includes an auxiliary lens which is pro- 
vided with a magnetic layer for transferring information 
written on the medium by enhancing the information, a 
recording mark which is even smaller than a beam spot 
diameter, which was reduced smaller than SIL, can be 
reproduced without applying a reproducing magnetic 



field and without reducing the reproduced signal ampli- 
tude. 

[0031] In order to achieve the foregoing object, a 
magneto-optical head of the present invention for carry- 

5 ing out recording and reproducing on a recording 
medium having a recording layer which has a maximum 
value of saturation magnetization between room tem- 
perature and a Curie temperature includes: an objective 
lens for converging light for raising a temperature of the 

10 recording layer; an auxiliary lens for projecting the con- 
verged light on the recording layer by increasing an 
effective numerical aperture; and a reproducing mag- 
netic layer, provided on the auxiliary lens, for reproduc- 
ing information recorded on the recording layer by 

is temporarily enhancing and transferring the information, 
and the reproducing magnetic layer is provided on a 
position on which the converged light is projected. 
[0032] With this arrangement, by setting a spacing 
between the auxiliary lens and recording layer smaller 

20 than a wavelength of light, the light spot which was con- 
verged by the objective lens and which was increased in 
effective numerical aperture by the auxiliary lens is 
transferred to the recording layer by the near field effect 
as set above, i.e., projected on the recording layer. 
25 Here, compared with the case where the light is con- 
verged only by the objective lens, light can be projected 
on even a smaller area. 

[0033] Projection of the light causes the recording 
layer to generate a temperature distribution. As a result, 

so at a portion of the recording layer which exceeds a cer- 
tain temperature, saturation magnetization becomes 
larger, and there generates magnetic flux in accordance 
with pre-recorded information. Here, such a tempera- 
ture raised portion can be made smaller than a spot 

35 diameter of the light with the use of the light of appropri- 
ate power. Thus, there generates magnetic flux from 
saturation magnetization which is directed in accord- 
ance with the recorded information over the region of 
the recording layer smaller than the spot diameter of the 

40 light. Therefore, by setting the temperature raised por- 
tion to match the area of the recording layer on which 
the smallest unit of information is recorded ("recording 
mark" hereinafter), high density magnetic flux which is 
in accordance with the information from the information 

45 of each recording mark can be generated to reach the 
reproducing magnetic layer. 

[0034] In the reproducing magnetic layer having an 
appropriate area, the directions of saturation magneti- 
zation are aligned over the entire reproducing magnetic 

50 layer in accordance with the magnetic flux. Thus, by 
increasing the area of the reproducing magnetic layer 
larger than the area of the recording mark, the informa- 
tion recorded on the recording mark can be transferred 
to the reproducing magnetic layer by being enhanced. 

55 [0035] Meanwhile, by the reproducing magnetic 
layer which is provided on the position of the light spot, 
there generates reflected light by projection of the light 
The reflected light is rotated in the direction of the polar- 
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ization direction with respect to incident light by the 
effect of the directions of tie saturation magnetization of 
the reproducing magnetic layer, and a reproduced sig- 
nal is generated based on this rotation in the polariza- 
tion direction. Here, because the magnetization 
transferred on the reproducing magnetic layer is 
enhanced, the quantity of the light which was rotated in 
polarization direction (Kerr rotation), i.e., which contains 
information, becomes larger than the case in which 
reflected light is utilized directly from the recording 
mark, thus increasing a reproduced signal amplitude. 
[0036] In this manner, the reproduced signal ampli- 
tude is prevented from being reduced even when the 
recording mark is made smaller, thus making it possible 
to increase recording density while maintaining a large 
reproduced signal amplitude. 

[0037] As a result, with the described arrangement, 
it is possible to read out a recording medium which 
records information in high density by the reduced 
recording mark, thus realizing higher density recording 
of information than the conventional art. 
[0038] A magneto-optical device of the present 
invention includes the magneto-optical head as 
described above. 

[0039] With the above arrangement, information 
can be recorded and reproduced in high density with 
respect to a recording medium, which allows the use of 
a higher density recording medium than the conven- 
tional medium, thus increasing the amount of informa- 
tion per recording medium to be inserted in the device. 
As a result, it is possible to reduce the size of the 
recording medium and the magneto-optical device to 
which the recording medium is to be inserted, and the 
number of recording medium used can be reduced as 
well. 

[0040] Further, with the described arrangement, 
high density recording of information is realized without 
requiring application of art external magnetic field, and 
thus compared with the conventional magneto-optical 
device which realizes high density recording and repro- 
ducing by the method accompanying application of an 
external magnetic field in reproduction, power con- 
sumption can be reduced. 

[0041] The method of the present invention for 
magneto-optically recording and reproducing informa- 
tion using a magneto-optical head for carrying out 
recording and reproducing on a recording medium hav- 
ing a recording layer which has a maximum value of sat- 
uration magnetization between room temperature and a 
Curie temperature includes: an objective lens for con- 
verging light for raising a temperature of the recording 
layer; an auxiliary lens for projecting the converged light 
on the recording layer by increasing an effective numer- 
ical aperture; and a reproducing magnetic layer, pro- 
vided on the auxiliary lens, for reproducing information 
recorded on the recording layer by temporarily enhanc- 
ing and transferring the information, the reproducing 
magnetic layer being provided on a position on which 



the converged light is projected, wherein, in reproduc- 
ing, light is projected on the recording layer via the 
reproducing magnetic layer provided on the auxiliary 
lens, and information recorded on the recording layer is 

5 transferred to the reproducing magnetic layer by mag- 
netic flux generated from the recording layer so as to 
reproduce the information using reflected light from the 
reproducing magnetic layer, and in recording, light is 
projected on the recording layer by varying an energy of 

w the light from that used in reproducing, and an external 
magnetic field based on information to be recorded is 
applied so as to record the information on the recording 
layer. 

[0042] With this method, by varying the light energy 
is between reproducing and recording, specifically, by pro- 
jecting the light of higher energy in recording than in 
reproducing, the recording layer of the recording 
medium is heated to a temperature in the vicinity of the 
Curie temperature, and by applying an external mag- 
20 netic field to a portion where the coercive force has 
decreased, information can be recorded in high density 
using a single magneto-optical head. As a result, it is 
possible to provide a magneto-optical device having a 
simple structure, which can be easily switched between 
25 recording and reproducing operations. 

[0043] In order to achieve the foregoing object, the 
magneto-optical head of the present invention includes: 
an objective lens for converging light on a recording 
layer of a recording medium; an auxiliary lens for allow- 
so ing the light to travel toward the recording layer by a 
near field effect by increasing a numerical aperture of 
the objective lens; and a reproducing magnetic layer for 
reproducing information of a recording mark by enhanc- 
ing and transferring magnetic fiux which was generated 
35 only from a single recording mark of the recording layer 
by heat of the light fallen on the recording layer, and the 
reproducing magnetic layer is provided on a side of the 
auxiliary lens toward which the light travels. 
[0044] With this arrangement, provided that the 
40 recording layer recording information as magnetization 
within the recording medium is positioned sufficiently 
close to the transparent element, when the light incident 
from the side of the lens eiement is converged on the 
reproducing magnetic layer in the vicinity of the surface 
45 of the transparent element on the side of the recording 
medium, the light is also transferred to the recording 
layer by the near field effect. The recording layer, having 
received the light, is heated and comes to have satura- 
tion magnetization in accordance with recorded mag- 
so netization. 

10045] Here, when the light energy is appropriate, 
the recording layer can be heated only in the vicinity of 
a portion of a single recording mark of the recording 
layer, thus generating strong saturation magnetization 
55 of a single recording mark. The magnetic flux generated 
from the saturation magnetization is enhanced and 
transferred to the reproducing magnetic layer having a 
wider area than that of the recording mark. The repro- 
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ducing magnetic layer is irradiated by the light, and gen- 
erates a reproduced signal using the reflected light 
which was subjected to the effect of enhanced and 
transferred magnetization. 

[0046] Because the magnetization contributing to s 
the reproduced signal is enhanced from the magnetiza- 
tion of the recording medium, the reproduced signal 
amplitude can be made larger. That is, even when the 
magnetization recorded on the recording medium is 
made smaller, the reproduced signal amplitude can be 10 
prevented from being reduced, thus realizing high den- 
sity recording of information on the recording medium. 
[0047] For a fuller understanding of the nature and 
advantages of the invention, reference should be made 
to the ensuing detailed description taken in conjunction is 
with the accompanying drawings. 



97SA2 10 
taken along the line C - C\ 

Fig. 11 is a concept view of a comparative mag- 
neto-optical device. 

Fig. 12 is a cross sectional view of a comparative 
magneto-optical head and a comparative recording 
medium. 

Fig. 13 is a schematic drawing showing a conven- 
tional MSR magneto-optical recording medium. 
Fig. 14 is a schematic view showing magnetization 
of the conventional MSR magneto-optical recording 
medium. 

Fig. 15 is a graph showing reproduced signal ampli- 
tudes of a conventional MSR magneto-optical disk 
and non-MSR magneto-optical disk. 

DESCRIPTION OF THE EMBODIMENTS 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0048] 

Fig. 1 isa concept view of a magneto-optical device 
in accordance with one embodiment of the present 
invention. 

Fig. 2 is a schematic drawing of a magneto-optical 
head and recording medium in accordance with 
one embodiment of the present invention, and also 
is a graph showing a temperature distribution of a 
recording layer. 

Fig. 3 is a graph showing magnetic characteristics so 
of the recording medium in accordance with one 
embodiment of the present invention. 
Fig. 4(a) is a schematic drawing showing magneti- 
zation of a reproducing magnetic layer in accord- 
ance with one embodiment of the present invention, 35 
and Fig. 4(b) is a schematic drawing showing mag- 
netization of the recording layer. 
Fig. 5 is a drawing showing an arrangement of the 
magneto-optical device. 

Fig. 6 is a graph showing a comparison of repro- 40 
duced signal amplitudes between one embodiment 
of the present invention and the prior art. 
Fig. 7 is a cross sectional view of the magneto-opti- 
cal head and recording medium. 
Fig. 8 is a graph showing a reproduced signal 45 
amplitude in accordance with one embodiment of 
the present invention. 

Fig. 9(a) through Fig. 9(d) are schematic drawing 
showing a manufacturing method of the magneto- 
optical head, in which 9(a) and 9(c) are plane views so 
relating to manufacturing steps, and 9(b) and 9(d) 
are cross sectional views of 9(a) and 9(c) taken 
along the lines A - A' and B - B\ respectively, and 
9(e) is a perspective view showing the magneto- 
optical head. ss 
Fig. 10(a) is a plane view showing another manu- 
facturing method of the magneto-optical head, and 
Fig. 10(b) is a cross sectional view of Fig. 10(a) 



[0049] The following will describe one embodiment 
of the present invention referring to Fig. 1 through Fig. 
20 12. Note that the description will be given in the follow- 
ing order. 

(D Basic Device Structure 
© MSR SIL 

® Recording Medium and MSR Reproducing 
Mechanism 

® Tracking Method and Focusing Method 
© Basic Device Structure 

[0050] Fig. 1 is a drawing which shows an optical 
system of an MSR magneto-optical recording/reproduc- 
ing device (magneto-optical device) in accordance with 
the present embodiment Light ray 10 having a wave- 
length of 635 ran, which was emitted from a laser diode 
(LD) (light source) 1 is linearly polarized in a direction of 
the plane of the paper, and it is converted to parallel 
rays 10a by a collimator lens 2. The parallel rays 10a 
having passed through a polarized beam splitter (PBS) 
3 are converged by an objective lens (optical system) 5 
of NA = 0.6 to be a light beam (light) 10b. Between a 
recording medium 9 and the objective lens 5 is provided 
an auxiliary lens 6, and the light beam 10b is converged 
on the plane of the auxiliary lens 6 on the side of the 
recording medium 9. 

[0051 ] The auxiliary lens 6 is composed of a spher- 
ical lens (lens element, optical system) 6a and a trans- 
parent element 6b which is provided with a reproducing 
magnetic layer 7, wherein the spherical lens 6a and 
reproducing magnetic layer 7 are pasted with each 
other. Also, the auxiliary lens 6 is provided such that the 
focusing point of the objective lens 5 is on the spherical 
center of the spherical lens 6a. 

[0052] The auxiliary lens 6 and recording medium 9 
are provided to have a fine spacing therebetween, and 
the spacing is set to be sufficiently small, e.g., around 
1 00 Jim, and thus by converging light on the plane of tie 
auxiliary lens 6 on the side of the recording medium 9 in 
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the described manner, the light is also converged on the 
recording medium 9 by the near field effect. Therefore, 
the light beam 10b projected would have a beam spot 
diameter 0, which is 1/n (where n is a refractive index of 
auxiliary lens 6) of the beam spot diameter 0 which 
would have been obtained had the recording medium 9 
was not provided with the auxiliary lens 6. 
[0053] Around the auxiliary lens 6 is provided a 
recording coil 8. When the device is for reproducing 
only, the coil 8 is not required. 

[0054] The light reflected at the reproducing mag- 
netic layer 7 or recording medium 9, after being con- 
verted to parallel rays by passing through the objective 
lens 5, is reflected by the PBS 3 and enters a Wollaston 
prism (analyzer) 4 and is converged on a photodetector 
12 by a multi lens 11. 

[0055] As described, the magneto-optical record- 
ing/reproducing device of the present embodiment has 
a magneto-optical composite head on one side of the 
recording medium, wherein the magneto-optical head is 
composed of auxiliary lens 6 and recording coil 8, etc. 

© MSR SIL (Solid Immersion Lens) 

[0056] Fig. 2 is a magnified view of the recording 
medium 9 and auxiliary lens 6 of Fig. 1. The auxiliary 
lens 6 includes spherical lens 6a and transparent ele- 
ment 6b which is provided with reproducing magnetic 
layer 7, wherein the spherical lens 6a and reproducing 
magnetic layer 7 are pasted with each other. The spher- 
ical lens 6a is in the form of an incomplete sphere (e.g., 
hemisphere) of appropriate radius r (e.g., r = 0.5 mm), 
and is made of a material having a high refractive index 
(e.g., refractive index n = 1 .5). The transparent element 
6b is a flat plate having opposing parallel planes, and 
has a structure in which a transparent dielectric medium 

21, reproducing magnetic layer 7, and transparent die- 
lectric medium 22 are deposited on a transparent sub- 
strate 20 which is made of a material having almost the 
same refractive index as that of the spherical lens 6a. 
The reproducing magnetic layer 7 is made to have an 
area which is slightly larger than the beam spot diame- 
ter 0, and the reproducing magnetic layer 7 is set to be 
on the focusing point of the objective lens 5, i.e., on the 
focusing point of the light by the auxiliary iens 6. The 
transparent dielectric media 21 and 22 are provided 
over the entire surface of the transparent element 6b on 
the other side of the recording medium 9. 

[0057] Note that, the spherical lens 6a as an inte- 
gral unit with the transparent element 6b constitutes the 
auxiliary lens 6 as a solid immersion lens (SIL). 
[0058] As described, in the present embodiment, 
the device can be made smaller by the integral unit of 
MSR SSL which is composed of spherical lens 6a, trans- 
parent substrate 20, transparent dielectric media 21 and 

22, and reproducing magnetic layer 7, 

";V'£9| In this manner, the magneto-optical head of 
the present invention includes auxiliary lens 6, which is 



preferably composed of transparent element 6b includ- 
ing reproducing magnetic layer 7, and spherical lens 6a 
having nearly the same refractive index as that of trans- 
parent element 6b, wherein the transparent element 6b 

5 and spherical lens 6a are pasted with each other. 

[0060] With this arrangement, unwanted reflection 
at the auxiliary lens 6, due to a change in refractive 
index can be prevented, allowing efficient use of the 
light emitted from the objective lens 5, and it is possible 

10 to prevent adverse effect of a noise as caused by stray 
light, thus obtaining a stable reproducing signal. Fur- 
ther, with this arrangement employing pasting of ele- 
ments, the number of manufacturing steps and also 
manufacturing cost can be reduced. 

15 

® Recording Medium and MSR Reproducing Mecha- 
nism 

[0061] The following will describe, referring to Fig. 
20 2, a structure of a recording medium and an MSR repro- 
ducing mechanism which are preferably used in the 
present embodiment. 

[0062] The recording medium 9 has an arrange- 
ment in which a transparent dielectric layer 25, record- 

25 ing layer 24, and transparent dielectric layer 23 are 
deposited on a glass or plastic substrate 26. Recording 
is made on the recording layer 24, as indicated by the 
black arrow, and each region confining the black arrow 
makes up a magnetic domain (portion which is sche- 

30 matically parted to include the shortest recording mark). 
[0063] The recording layer 24 employs TbFeCo, 
which is widely used in magneto-optical recording 
media. TbFeCo is an amorphous alloy of FeGo 
transition metal ("TM" hereinafter) and Tb as a rare 

35 earth metal ("RE" hereinafter). Further, TbFeCo is a 
ferri magnetic material in which TM magnetization and 
RE magnetization are coupled anti-parallel to each 
other (directions of respective sub-lattice magnetization 
are opposite). In Fig. 2, black arrow indicates TM mag- 

40 netization, and blank arrow indicates saturation mag- 
netization Ms, which is the difference of TM 
magnetization and RE magnetization. Note that, in a 
ferro magnetic material such as NdFeCo, the magneti- 
zation of each atom is coupled in parallel. 

45 [0064] The TbFeCo as used herein has tempera- 
ture dependency for saturation magnetization Ms as 
shown in Fig. 3. Since room temperature (R.T.) makes 
up the compensation temperature, saturation magneti- 
zation Ms at room temperature is 0. As the term is used 

so herein, compensation temperature refers to a tempera- 
ture at which intensities of RE sub-iattice magnetization 
and TM sub-lattice magnetization become equal, and 
thus it is the temperature at which the apparent satura- 
tion magnetization Ms becomes 0, and the intensities of 

55 RE sub-lattice magnetization and TM sub-lattice mag- 
netization are reversed at the temperatures around the 
compensation temperature. Further, in TbFeCo, satura- 
tion magnetization Ms takes the maximum value at 
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150°C, and the Curie temperature (temperature at 
which magnetization disappears) occurs at 260°C. 
[0065] In reproduction, irradiation of recording layer 
24 through reproducing magnetic layer 7 by the light 
beam 10b causes the reproducing layer 24 to generate s 
a temperature distribution as shown in Fig. 2. With the 
use of a reproducing laser power which would make a 
portion having the highest temperature in the recording 
layer 24 to have a temperature of around 150°C in 
reproduction, as shown in Fig. 2, the temperature raised w 
portion of the recording layer 24 comes to have large 
saturation magnetization Ms, whereas in a region of 
lower temperature, saturation magnetization Ms 
becomes smaller and reaches 0 at around room tem- 
perature. 15 
[0066] In recording layer 24, a temperature raised 
portion can be made smaller than the beam spot diam- 
eter 0, and the saturation magnetization Ms which 
occurs in the temperature raised portion generates 
magnetic flux. As a result, the information of saturation 20 
magnetization Ms, in the region of the recording layer 24 
which is smaller than the beam spot diameter 0 is 
transferred as magnetic flux to the reproducing mag- 
netic layer 7. 

[0067] Here, the reproducing magnetic layer 7 has 25 
the same property as that of the reproducing layer 63 
(see Fig. 13). Namely, the reproducing magnetic layer 7 
is made of an alloy of rare earth metal and transition 
metal (RE-TM). Further, in the low temperature (room 
temperature) portion of the reproducing magnetic layer 30 
7, TM magnetization and saturation magnetization are 
directed within the plane of the reproducing magnetic 
layer 7, and because the composition of the reproducing 
magnetic layer 7 is RE rich (sub-lattice magnetic 
moment of rare earth metal at room temperature 35 
exceeds sub-lattice magnetic moment of transition 
metal), saturation magnetization and TM magnetization 
are found in opposite directions. The directions of satu- 
ration magnetization are aligned in accordance with the 
magnetic flux from the recording layer 24 by being 40 
heated by a light beam. 

[0068] Further, the diameter of the reproducing 
magnetic layer 7 is larger than the beam spot diameter 
0. Since the directions of magnetization of the repro- 
ducing magnetic layer 7 are aligned over the entire layer 45 
in accordance with the magnetic flux from the recording 
layer 24, the information of recording mark 27 is trans- 
ferred to the region which is larger than the beam spot 
diameter 0, and the region piays a part in reproduction, 
thus ensuring that the amplitude of a reproduced signal so 
is not reduced even when the recording mark 27 is 
reduced, thereby improving recording density. 
[0069] As described, the magneto-optical head of 
the present invention includes reproducing magnetic 
layer 7 which is preferably provided to be larger than the 55 
recording mark 27 recorded on the recording medium 9. 
T-YlJQJ With this arrangement, the directions of 
magnetization in an area larger than recording mark 27 



are aligned in accordance with the magnetic flux from 
the recording mark 27, thus increasing the area of a 
region which reflects incident light by rotating the polar- 
ization direction of the light in accordance with the infor- 
mation of the recording mark 27. As a result, the 
quantity of the reflected light containing information of 
the recording mark 27 is increased, and the reproduced 
signal amplitude can be made larger, thus realizing sta- 
ble reproduction even when recording mark 27 is 
reduced. 

[0071 ] The following will describe the reason for 
making the area of the reproducing magnetic layer 7 
larger than the area of the recording mark 27, and, also, 
referring to Figs. 4(a) and 4(b) and Fig. 14, the reason 
why the reproducing magnetic layer 7 is aligned alto- 
gether in accordance with the magnetic flux from the 
recording layer 24. The problems associated with repro- 
duction in a conventional MSR magneto-optical record- 
ing medium are as described above with reference to 
Fig. 13 and Fig. 14. 

[0072] Considering the case where the area of the 
reproducing layer 63 as shown in Fig. 14 is reduced to 
the size nearly the same as the beam spot diameter 0 
as shown in Fig. 4(a), it can be seen that the area of the 
reproducing magnetic layer 7 is reduced to the size of 
substantially the beam spot diameter 0 as compared 
with Fig. 14 (area of reproducing magnetic layer 7 is 
nearly equal to the area of the light spot of the con- 
verged light), and Fig. 4(a) shows that only D", E", and 
F" exist as TM magnetization. The saturation magneti- 
zation of E" is in accordance with the magnetic flux from 
the saturation magnetization of magnetic domain E of 
Fig. 4(b), as with Fig. 14. However, while the TM mag- 
netization of D" and F" is subject to the exchange force 
from E" to be directed in a perpendicular direction, since 
there exist no magnetic domains C and G', there is no 
force which acts to direct the TM magnetization of D" 
and F" in an in-plane direction. Thus, the TM magneti- 
zation of D" and F" is directed in a perpendicular direc- 
tion by the exchange force from the TM magnetization 
of E". 

[0073] In this manner, by sufficiently reducing the 
area of reproducing magnetic layer 7 to the size near 
the beam spot diameter 0, it is possible to have an 
effect of magnifying and transferring the recording mark 
of the recording layer 24 over the entire layer of the 
reproducing magnetic layer 7. 

© Tracking Method and Focusing Method 

[0074] Fig. 5 is a schematic diagram of a device 
used for the experiment of recording and reproducing. 
[0075] Light ray 10 from laser diode (light source) 1 
reaches the recording layer 24 (see Fig. 2) of the 
recording medium 9 by travelling through collimator lens 
2, relay lenses 51 and 52, PBS 3, stand-up mirror 53, 
objective lens 5, and auxiliary lens 6. The recording 
layer 24 of the recording medium 9 is provided more 
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toward the upper surface of the recording medium 9 
(toward the side where auxiliary lens 6 is provided) so 
as to allow the magneto-optical head to carry out 
recording and reproducing of information more effec- 
tively. 

[0076] The light reflected at the reproducing mag- 
netic layer 7 and the recording medium 9 is incident on 
the Woliaston prism 4 through PBS 3". By the polariza- 
tion splitting effect of the Woliaston prism 4, the 
reflected light from the recording medium 9 is separated 
into two polarization components (P polarized light and 
S polarized light) which oscillate orthogonal to each 
other, and thus the Woliaston prism 4 acts as an ana- 
lyzer. The two polarization components emerge from 
the Woliaston prism 4 at a separation angle (1 to several 
degree with the wavelength of LD of 635 nm). The 
reflected light emerged from the Woliaston prism 4 then 
passes through the multi lens 1 1 having a sufficiently 
wide incident plane with respect to the light beam, and 
the two light beams, while being converged, are incident 
on a photodetector 12 which is divided into two sec- 
tions, respectively corresponding to the two light beams. 
[0077] By the magnetization of the reproducing 
magnetic layer 7, which was magnified and transferred 
from the magneto-optical signal recorded on the record- 
ing layer 24 (see Fig. 2) of the recording medium 9, the 
polarization plane of the reflected light is rotated with 
respect to the polarization plane of the incident light. By 
this effect, there occurs a change in light intensity of the 
orthogonal two polarization components of the reflected 
light, and accordingly there occurs a change in output of 
the two fight receiving sections of the photodetector 12. 
Magneto-optically recorded information can be repro- 
duced by measuring this change in output. 
[0078] Note that, the above described the case 
where the Woliaston prism 4 splits light into two polari- 
zation components. However, the light may be split into 
three light beams of P polarized light, S polarized fight, 
and P + S polarized light, whereby the P + S polarization 
component may be used for focusing control. Further, 
the photodetector 1 2 may be divided into two or more 
light receiving sections for the purpose of tracking con- 
trol and focusing control. 

[0079] The recording medium 9 is rotated by a spin- 
dle motor 55, and the direction of the rotation is perpen- 
dicular to the plane of the paper. Table 56 mounting the 
stand-up mirror 53, and support cylinder 58 securing 
objective lens 5 and auxiliary lens 6 are linked to each 
other by spring (gimbal) 57, and the auxiliary lens 6 trav- 
els over the recording medium 9, floating thereon. The 
angle of objective lens 5 is adjusted such that the paral- 
lel rays 10a are converged on the reproducing magnetic 
layer 7 of the auxiliary lens 6 when incident on the 
objective lens 5 5 and the angle thus adjusted is fixed by 
the support cylinder 58. The table 56 mounting the 
stand-up mirror 53 is moved in the radial direction of the 
disk (recording medium 9) by a shaft 59. 
G r 'S9] As described, the optical system of the 



present embodiment is composed of (A) fixed optical 
system F which includes light source (LD) 1, PBS 3, 
Woliaston prism 4, and photodetector 12, etc., and (B) 
mobile optical system M which includes stand-up mirror 
5 53 provided on table 56, objective lens 5, and auxiliary 
lens 6, etc. 

[0081 ] The following will describe a tracking opera- 
tion of the device. 

[0082] When eccentricity of the recording medium 9 
10 is large, in an order of several microns, and when the 
moving track distance in the track jump operation is 
large, first, the table 56 mounting the stand-up mirror 53 
is moved along the shaft 59. After this rough control, the 
support cylinder 58 is driven by an actuator (not shown) 
15 to accurately control the position of light beam 10b on 
the recording medium 9. 

[0083] On the other hand, when the eccentricity of 
the recording medium 9 is notably small (e.g., 1 micron 
or less), and when the moving track distance in the track 

20 jump operation is large, tracking may be carried out first 
by moving the table 56 mounting the stand-up mirror 53 
along the shaft 59, and thereafter by driving the relay 
lens 52 by an actuator (driving means) 44 so as to con- 
trol the relay lens 52 in a direction of the arrow d (paral- 

25 lei to the plane of the paper). This method has the 
advantage of speed over the case where tracking con- 
trol is carried out by driving by the actuator (not shown) 
the support cylinder 58 on which the objective lens 5, 
auxiliary lens 6, and recording coil 8 are fixed because 

so the only driving load in this method is the relay lens 52. 
|0084] However, here, one caution must be taken. 
As noted above, when the projection area of the beam 
is off the reproducing magnetic layer 7, the quantity of 
reflected light is reduced, and thus the range in which 

35 the beam spot position of the light beam 10b can be 
changed by driving the relay lens 52 is limited within the 
domain of the reproducing magnetic layer 7. 
[0085] Meanwhile, when the eccentricity of the 
recording medium 9 is notably small, and when the 

40 moving track distance in the track jump operation is 
small (over several tracks), or in the case of continuous 
tracking of the tracks currently being scanned (i.e., 
tracking), only the driving of relay lens 52 is carried out. 
[0086] In either case, whether to drive the support 

45 cylinder 58, or to drive the relay lens 52 is determined 
based on the eccentricity of the recording medium 9 to 
be used. 

[0087] Note that, in the above description, tracking 
control is made by moving the relay lens 52. However, 

so the same effect can be obtained by moving the collima- 
tor lens 2 in a direction of the arrow d in Fig. 5. In such 
a case, the relay lenses 51 and 52 are not particularly 
required. However, when focusing and tracking control 
are to be carried out by moving the collimator lens 2, a 

55 difficulty arises in alignment of the other optical system. 
Thus, in the present embodiment, after coilimating the 
diffused light from the LD 1 by the collimator lens 2, the 
positioning relationship of the two is fixed by an adhe- 
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sive, etc., and the position adjustment of various optical 
systems is made with the use of the collimated light, and 
focusing and tracking control are carried out by the posi- 
tioning control of the relay lens 52. 

[0088] Further, even though focusing is in principle 5 
not required, it is carried out nonetheless to compen- 
sate for waving of the substrate of the transparent ele- 
ment 6b by moving the relay lens 52 in a direction of the 
arrow c (parallel to optical axis). That is, when the relay 
lens 52 is at a ready position, the light emerging from 10 
the relay lens 52 takes the form of collimated light, and 
it is focused on a predetermined focusing point by the 
objective lens 5 and relay lens 6. Meanwhile, when the 
relay lens 52 is moved back and forth from the ready 
position, the light emerging from the relay lens 52 takes w 
the form of converged light or diffused light, and accord- 
ingly the focusing point of the light by the objective lens 
5 and auxiliary lens 6 is shifted from the predetermined 
position in respective directions. Focusing control is car- 
ried out by this operation. 20 
[0089] In this manner, by separating the optical sys- 
tem to reduce the weight of the mobile optical system, 
fast mobility can be realized while maintaining the 
required moving distance. 

[0090] The various types of described control are 25 
carried out by a controller (control means) 42. A control 
program is stored beforehand in a non-volatile memory, 
etc. 

[0091] As described, the magneto-optical device of 

the present invention preferably includes: a mobile opti- so 
cat system SV1 which includes the described magneto- 
optical head; a fixed optical system F which includes a 

laser diode 1 for emitting light, a relay lens 52 provided 
on an optical axis, an actuator 44 for changing a posi- 
tion of the relay lens 52 with respect to the optical axis, 35 
and a photodetector 12 for receiving reflected light 
which includes information which is generated from pro- 
jection of the light on the recording layer 24; and a con- 
troller 42 for controlling a projection position of the light 
on the recording medium 9, in which the controller car- 40 
ries out positional control of the relay lens 52 by driving 
the actuator 44 when a target position of the light is 
within a domain of the reproducing magnetic layer 7, 
and the controller carries out positional control of the 
mobile optical system M when a target position of the 45 
light is outside of the domain of the reproducing mag- 
netic layer 7. 

[0092] With this arrangement, when the distance of 
the projection position to be moved is relatively small, 
the projection position is moved only by moving the sc 
relay lens 52, by which a less load is put on the actuator 
44 and fast control is realized. On the other hand, when 
the distance of the projection position to be moved is 
relatively large, positional control is carried out by the 
mobile optical system M, by which a reduction in repro- 55 
duced signal amplitude due to deviation of the light off 
the reproducing magnetic layer 7 can be prevented. 
[0093] As described, with the use of the MSR SIL of 



the present embodiment, the recording mark of the 
recording layer (see Fig. 2) can be transferred to the 
reproducing magnetic layer 7 upon magnification, and 
thus it is possible to prevent the amplitude of a repro- 
duced signal from being reduced even when reproduc- 
ing a small recording mark. As a result, high density 
recording and reproducing can be realized. 
[0094] Though omitted in the described embodi- 
ment, the reproducing magnetic layer 7 of the auxiliary 
lens 6, and the transparent dielectric media 21 and 22 
are designed with a material and thickness which would 
increase the Kerr rotation angle of the reproduced light, 
and they are selected to bring the recording layer 24 
and reproducing magnetic layer 7 as close as possible 
so that the magnetic flux generated from the recording 
layer 24 is easily transferred. However, in accordance 
with the present invention, the material and thickness of 
these elements are not just limited to the specified ones 
used in the present embodiment. 
[0095] Further, recording of information can be 
made by inputting a modulation signal based on the 
information to the coil 8 simultaneously with the laser 
projection. This method is equivalent to the conven- 
tional recording method on the magneto-optical disk. 
Specifically, recording is made by projecting light ray 10 
from the light source 1 on the recording medium 9 
through the auxiliary lens 6 to raise the temperature of 
the recording layer 24 to the temperature in the vicinity 
of the Curie temperature, and by applying an external 
magnetic field by the coil 8 to the portion of the record- 
ing layer at which the coercive force has decreased. 
[0096] As described, the magneto-optical head of 
the present invention preferably includes a coil 8 which 
generates, at the time of recording information, mag- 
netic flux which is in accordance with information to be 
recorded, and which is provided around the auxiliary 
lens 6. 

[0097] With this arrangement, recording (writing) of 
information on the recording medium 9 can be made by 
applying a magnetic field of a direction in accordance 
with the information to be recorded with the use of the 
coil 8, wherein the magnetic field is applied under the 
condition where the temperature of a portion of the 
recording layer 24, which portion is to include a record- 
ing mark is raised to a temperature at which the coer- 
cive force is sufficiently reduced by increasing the 
energy of the light to be projected on the recording layer 
24. As a result, recording and reproducing of informa- 
tion can be made with higher density than the conven- 
tional example with the use of a single magneto-optical 
head. 

[Example 1] 

[0098] Fig. 6 shows a relationship between repro- 
duced signal amplitude and mark length of a recording 
mark, which compares the case where an MSR record- 
ing medium 9' (see Fig. 12 to be mentioned later) is 
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reproduced by the conventional SIL and the case where 
an MSR recording medium 9 is reproduced by a non- 
MSR SIL utilizing MSR of the present invention. 
[0099] In both cases, the beam spot diameter 0 is 
0.6 pm, and the diameter of the reproducing magnetic s 
layer 7 (see Fig. 2) of the MSR SIL is 0.8 jim. The repro- 
duced signal amplitude is normalized by the amplitude 
which was used to reproduce the recording mark of 0.6 
jim. It can be seen that with the use of the MSR SIL of 
the present invention, smaller recording marks can be 10 
reproduced. 

[0100] Note that, the conventional SIL optical sys- 
tem as used in this comparison is as shown in Fig. 1 1 , 
and except for the auxiliary lens 6\ which is not provided 
with the reproducing magnetic layer 7, the arrangement is 
thereof is the same as that of Fig. 1 . Also, the other opti- 
cal elements used are also the same as those shown in 
Fig. 1 and they are given the same reference numerals. 
[01 01] Fig. 12 shows an arrangement of the record- 
ing medium 9' which was used in the experiment to 20 
reproduce the MSR recording medium by the conven- 
tional SIL, and also the arrangement of auxiliary lens 6'. 
On glass substrate 115, there are provided transparent 
dielectric layer 114, recording layer 113, transparent 
dielectric layer 112, reproducing layer 111, and trans- 25 
parent dielectric layer 110. The material and thickness 
of each layer are as follows: transparent dielectric layer 
114, made of AIN in 40 nm; recording layer 1 13, made 
of TbFeCo in 40 nm; transparent dielectric layer 112, 
made of AIN in 10 nm; reproducing layer 111, made of so 
GdFeCo in 40 nm; and transparent dielectric layer 1 10, 
made of AIN in 30 nm. This is the arrangement of a con- 
ventional MSR recording medium in which reproducing 
layer 111 is provided within the recording medium 9'. 
[0102] Fig. 7 shows an arrangement of the record- ss 
ing medium 9 used in the experiment of reproducing the 
non-MSR medium by the MSR SIL of the present inven- 
tion, and also the arrangement of auxiliary lens 6. Fig. 7 
is a simplification of Fig. 2, and shows that transparent 
dielectric layer 25, recording layer 24, and transparent 40 
dielectric layer 23 are deposited on a plastic substrate 
26. The transparent dielectric layer 25 is made of AIN in 
20 nm, the recording layer 24 is made of TbFeCo in 40 
nm, and the transparent dielectric layer 23 is made of 
AIN in 10 nm. Indicated by "7" is a reproducing magnetic 45 
layer, and it is provided on the auxiliary lens 6. With this 
arrangement, information is reproduced by transferring 
the recording mark which is recorded on the recording 
layer 24 of the recording medium 9, onto the reproduc- 
ing magnetic layer 7 which is integrally provided on the so 
auxiliary lens 6 on the side of the recording medium 9. 
[0103] Fig. 8 is a graph which shows the relation- 
ship between the diameter of the reproducing magnetic 
layer 7 of the auxiliary lens 6 and the reproduced signal 
amplitude of a recording mark of 0.1 urn. The curve is 55 
normalized by the reproduced" signal amplitude when 
the diameter of the reproduced signal amplitude 7 was 
at 0.8 iim 



[0104] When the diameter of the reproducing mag- 
netic layer 7 exceeds 1.5 urn, as noted in Fig. 14, a 
transfer mark is reduced and almost no mark is trans- 
ferred. When the diameter of the reproducing magnetic 
layer 7 becomes 1.5 y.m or less, the force acting to 
reduce the transfer mark weakens gradually and trans- 
fer begins. As the diameter is further reduced, the trans- 
fer mark becomes larger. At the diameter of around 0.8 
jim, the recording mark is completely transferred onto 
the reproducing magnetic layer 7. As the diameter of the 
reproducing magnetic layer 7 is further reduced to 0.5 
um or less, the diameter of the reproducing magnetic 
layer 7 becomes smaller than the beam spot diameter 
0, and the quantity of the light associated with repro- 
duction starts to decrease. Accordingly, in such a 
region, the reproduced signal amplitude becomes 
smaller. Thus, it is preferable that the diameter of the 
reproducing magnetic layer 7 is nearly the same or 
larger than the beam spot diameter 0, and not more 
than 10 times the size (diameter) of the recording mark. 

[Example 2] 

[0105] The following will describe a manufacturing 
method of the MSR SIL of the present invention refer- 
ring to Fig. 9(a) through Fig. 9(e). 
[0106] First, as shown in Figs. 9(a) and 9(b), on a 
flat glass substrate having a refractive index of 1.5 
(transparent substrate 20), AIN is deposited as trans- 
parent dielectric medium 21 in a thickness of 30 nm by 
sputtering. Then, by placing a mask, GdFeCo is depos- 
ited as reproducing magnetic layer 7 in a thickness of 40 
nm in a disk shape with the diameter of 0.8 p.m, and 
after removing the mask, AIN is deposited again in 10 
um as the transparent dielectric medium 22, 
[0107] Then, as shown in Figs. 9(c) and 9(d), the 
substrate is cut to obtain transparent element 6b 5 which 
makes up a portion of the auxiliary iens 6 of the MSR 
SIL. The A side of the transparent element 8b faces the 
medium, and, as shown in Fig. 9(e), to the B side of the 
transparent element 6b is attached spherical lens 6a 
having a refractive index of 1.5. Mere, by using a resin, 
etc., having the same or nearly the same refractive 
index (here, around 1 .5) as that of the spherical lens 6a 
and transparent element 6b to paste the two elements, 
unwanted reflection, etc., can be prevented. The auxil- 
iary lens 6 of the MSR SIL is obtained in this manner. 

[Example 3] 

[0108] The following will describe a manufacturing 
method of another MSR SIL of the present invention. 
[0109] In Fig. 1, coil 8 for generating a recording 
magnetic field is provided around the auxiliary lens 6. in 
the MSR SIL used in the present Example, coil 8 is pro- 
vided within the auxiliary lens 6. With this arrangement, 
the coil 8 as shown in Fig. 5 can be eliminated from 
sight, and the weight of the elements supported by the 
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support cylinder 58 can be reduced, thus having the 
effect of easier tracking. 

[0110] Figs. 10(a) and 10(b) show the manufactur- 
ing method. Namely, after providing coil 8 on the glass 
substrate (transparent substrate 20) by wafer process, 
transparent dielectric medium 21 , reproducing magnetic 
layer 7, and transparent dielectric medium 22 are pro- 
vided. Thereafter, as with Fig. 9(c), the substrate is cut, 
and as with Fig. 9(e), the substrate is attached to the 
spherical lens 6a to obtain auxiliary lens 6. The same 
effect as that of Example 1 was obtained with the auxil- 
iary lens 6 as manufactured in this manner. 
[0111] The invention being thus described, it will be 
obvious that the same way may be varied in many ways. 
Such variations are not to be regarded as a departure 
from the spirit and scope of the invention, and all such 
modifications as would be obvious to one skilled in the 
art are intended to be included within the scope of the 
following claims. 

Claims 



with each other. 

4. The magneto-optical head as set forth in claim 3, 
characterized in that said lens element (6a) is a 

5 spherical lens, and a center of a sphere of the 

spherical lens (6a) is set to be on a focusing point of 
the objective lens (5). 

5. The magneto-optical head as set forth in claim 4, 
10 characterized in that the reproducing magnetic 

layer (7) is set to be on the focusing point of the 
objective lens (5). 

6. The magneto-optical head as set forth in claim 3, 
15 characterized in that said transparent element (6b) 

includes a transparent substrate (20) to be pasted 
with the lens element (6a), and two layers of trans- 
parent dielectric medium (21 , 22) which are depos- 
ited on the opposite side of the surface of the 
20 transparent substrate (20) to be pasted with the 
lens element (6a), and 



1 . A magneto-optical head for carrying out recording 
and reproducing on a recording medium (9) having 

a recording layer (24) which has a maximum value 25 
of saturation magnetization between room temper- 
ature and a Curie temperature, 

said magneto-optical head comprising: 

an objective lens (5) for converging light for so 
raising a temperature of the recording layer 
(24); 

an auxiliary lens (6) for projecting the con- 
verged light on the recording layer (24) by 
increasing an effective numerical aperture; and ss 
a reproducing magnetic layer (7), provided on 
said auxiliary lens (6), for reproducing informa- 
tion recorded on the recording layer (24) by 
temporarily enhancing and transferring the 
information, 40 
said reproducing magnetic layer (7) being pro- 
vided on a position on which the converged 
light is projected. 

2. The magneto-optical head as set forth in claim 1 , 45 
characterized by including a coil (8) for generating 
magnetic flux which is in accordance with informa- 
tion to be recorded, said coil being provided around 

the auxiliary lens (6) and generating magnetic flux 
when recording information. so 

3. The magneto-optical head as set forth in claim 1 or 
2, characterized in that said auxiliary lens (6) is 
composed of a transparent element (6b) having the 
reproducing magnetic layer (7), and a lens element ss 
(6a) having a refractive index nearly equal to that of 
the transparent element (6b), said transparent ele- 
ment (6b) and said lens element (6a) being pasted 



the reproducing magnetic layer (7) is provided 
between the two layers of transparent dielectric 
medium (21, 22). 

7. The magneto-optical head as set forth in claim 6, 
characterized in that said transparent dielectric 
medium (21, 22) is made of AIN. 

8. The magneto-optical head as set forth in any one of 
claims 1 to 7, characterized in that said reproducing 

magnetic layer (7) is provided to be larger than a 
recording mark (27) which is recorded on the 
recording medium (9). 

9= The magneto-optical head as set forth in any one of 
claims 1 to 8, characterized in that an area of the 
reproducing magnetic layer (7) is nearly equal to a 
spot area of the converged light 

1 0. The magneto-optical head as set forth in any one of 
claims 1 to 9, characterized in that a direction of 
saturation magnetization of the reproducing mag- 
netic layer (7) is found within a plane of the repro- 
ducing magnetic layer (7) at room temperature. 

1 1 . The magneto-optiGal head as set forth in any one of 
claims 1 to 10, characterized in that the reproducing 
magnetic layer (7) is made of an alloy of rare earth 
metal and transition metal. 

12. The magneto-optical head as set forth in claim 1 1 , 
characterized in that the reproducing magnetic 
layer (7) is made of GdFeCo. 

13. The magneto-optical head as set forth in claim 1 1 , 
characterized in that a direction of magnetization of 
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24 



the transition metal is found within a plane of the 
reproducing magnetic layer (7) at room tempera- 
ture, and a direction of saturation magnetization of 
the reproducing magnetic layer (7) and the direction 
of magnetization of the transition metal are oppo- 
site to each other 

14. The magneto-optical head as set forth in any one of 
claims 1 to 13, characterized in that directions of 
magnetization of the reproducing magnetic layer (7) 
are aligned in accordance with magnetic flux from 
the recording layer (24) when reproducing the 
recording medium (9). 

15. A magneto-optical device having the magneto-opti- 
cal head of any one of claims 1 to 14. 

16. A magneto-optical device having a magneto-optical 
head of any one of claims 1 to 14, comprising: 

a mobile optical system (M) having the mag- 
neto-optical head; 

a fixed optical system (F) which includes a light 
source (1) for emitting light, a relay lens (52) 
provided on an optical axis, driving means (44) 
for changing a position of the relay lens (52) 
with respect to the optical axis, and a photore- 
ceptor (12) for receiving reflected light which 
includes information which results from projec- 
tion of the light on the recording layer (24); and 
control means (42) for controlling a projection 
position of the light on the recording medium 
(9), said control means (42) carrying out posi- 
tional control of the relay lens (52) by driving 
the driving means (44) when a target position 
of the light is within a domain of the reproduc- 
ing magnetic layer (7), and said control means 
(42) carrying out positional control of the 
mobile optical system when a target position of 
the light is outside of the domain of the repro- 
ducing magnetic layer (7). 



1 7. The magneto-optical device as set forth in claim 16, 
characterized in that the driving means (44) is an 
actuator. 45 

18. A method for magneto-optically recording and 
reproducing information using a magneto-optical 
head of any one of claims 1 to 14, 



characterized in that, in reproducing, light is 
projected on the recording layer (24) via the 
reproducing magnetic layer (7) provided on the 
auxiliary lens (6), and information recorded on 
the recording layer (24) is transferred to the 
reproducing magnetic layer (7) by magnetic 
flux generated from the recording layer (24) so 
as to reproduce the information using reflected 



light from the reproducing magnetic layer (7), 
and 

in recording, light is projected on the recording 
layer (24) by varying an energy of the light from 
s that used in reproducing, and an external mag- 

netic field based on information to be recorded 
is applied so as to record the information on the 
recording layer (24). 

10 19. A magneto-optical head for reproducing information 
of a recording mark (27) of a recording layer (24) of 
a recording medium (9), comprising: 

an objective lens (5) for converging light on the 
15 recording layer (24) of the recording medium 

(9); 

an auxiliary lens (6) for allowing the light to 
travel toward the recording layer (24) by a near 
field effect by increasing a numerical aperture 
of the objective lens (5); and 
a reproducing magnetic layer (7) for reproduc- 
ing information of a recording mark (27) by 
enhancing and transferring magnetic flux which 
was generated only from a single recording 
mark (27) of the recording layer (24) by heat of 
the light fallen on the recording layer (24), 
the reproducing magnetic layer (7) being pro- 
vided on a side of the auxiliary lens (6) toward 
which the light travels. 

20. The magneto-optical head as set forth in claim 19, 
characterized in that a diameter of the reproducing 

magnetic layer (7) is not less than a beam spot 
diameter of the converged light, and is not more 
than ten times a diameter of the recording mark 
(27). 

21. A magneto-optical head for reproducing information 
recorded on a recording medium (9) which gener- 
ates magnetic flux based on recorded information 
by being heated, said magneto-optical head being 
provided on a position opposite to the recording 
medium (9), 



20 



25 



30 



35 



40 



50 



55 



said magneto-optical head comprising: 
an optical system for converging light on a sur- 
face facing the recording medium (9); and 
a reproducing magnetic layer (7) which is pro- 
vided on a position on which the converged 
light is projected, and in which directions of sat- 
uration magnetization are aligned in accord- 
ance with magnetic flux from the opposing 
recording medium (9). 

22. The magneto-optical head as set forth in claim 21 , 
characterized in that the optical system includes an 
objective lens (5) for converging light on the surface 
facing the recording medium (9), and a spherical 
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fens (6a) of a sphere whose center is on a focusing 
point of the objective lens (5). 
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